I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Femoral neck fractures are treated traditionally by internal fixation or arthroplasty. The goal of treatment is to restore the anatomical reduction, stable fixation and unions as to achieve stability of the lower limb later to bear weight on it. Usually, cannulated screws[@ref1][@ref2] are used for fixation of fracture neck of femur. Controversy still exists in the mode of treatment of fracture neck of femur in the "young old" age (age between 55 and 65). In a meta-analysis, it was found that there exists no statistical difference in the method of treatment employed, either internal fixation or arthroplasty. In treating femoral neck fracture, cannulated cancellous screws are the gold standard, ideally using three screws. Some surgeons replace one of the screws with fibular strut graft[@ref3][@ref4] to stimulate bone growth. Present understanding of biomechanical principles employ three screws, each assigned a particular area of the neck of femur, and this assumes an inverted triangular configuration.[@ref5][@ref6] Since each of the screws have a particular function to perform, if one of the screws is replaced by fibular strut graft, the function assigned to that particular screw will be lost and the construct becomes unstable and the fracture tempts to displace lately leading to delayed union and avascular necrosis.[@ref7][@ref8]

This study uses an implant, bone impregnated hip screw (BIHS), which combines the biomechanical properties of the standard cancellous screws and as well as providing provision for placing cancellous bone grafts within the body of the screw. The BIHS is an alternative implant. In this retrospective study, we present the clinical and radiological results of femoral neck fracture managed with BIHS.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Bone impregnated hip screw {#sec2-1}
--------------------------

Similar to the conventional hip screws it has a structure that retains the biomechanical stability, but also provides provision for osteogenic potential. The BIHS has a thread diameter of 8.3 mm, shank diameter of 6.5 mm and wall thickness of 2.2 mm. The screw has provision for filling it with cancellous graft. Holes of diameter 2 mm are placed in a staggered fashion in the shaft \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Bone impregnated hip screw showing staggered holes](IJOrtho-49-187-g001){#F1}

![Bone impregnated hip screw cross section showing bone graft and staggered holes](IJOrtho-49-187-g002){#F2}

Biomechanics {#sec2-2}
------------

The yield strength was calculated using the Amsler universal testing machine. (Jayon Implants Private Limited, Palakkad, Kerala, India). The holes in the screw allow blood vessels from the surroundings to permeate into the graft. We found during the course of biomechanical analysis that if the holes are 2 mm in diameter and placed in a staggered way the yield strength is higher when compared to holes more than 2 mm and placed in a linear arrangement \[[Table 1](#T1){ref-type="table"}\].

###### 

Yield strength

![](IJOrtho-49-187-g003)

The inclusion criteria were unstable femoral neck fractures Gardens type III and type IV cases treated with BIHS screw. The exclusion criteria were obese patients and old age patients (\>60 years), were excluded from the study.

Phase 1 pilot study {#sec2-3}
-------------------

Phase 1 clinical trial was done in 15 patients. All 15 patients volunteered themselves for the procedure and the complications were explained in detail to them. Study was done after getting a detailed "special informed consent" and "Ethical Committee Clearance."

Operative procedure {#sec2-4}
-------------------

Under C-arm, the fracture was reduced and the limb secured on an operating fracture table. The reduction achieved was checked under image intensifier so that near normal anatomical reduction according to Garden\'s index was achieved, both in AP and lateral views. Three guide wires were passed as per the standard biomechanical principles[@ref5][@ref7] \[[Figure 3](#F3){ref-type="fig"}\]. The first screw should rest along the inferior cortex in the anteroposterior projection and in centre on the lateral projection. This position will optimally resist inferior displacement and varus collapse while the femoral head is loaded in a standing position. The second screw is placed parallel to the first close to the posterior cortex and central on the anteroposterior image. This pin will resist posterior displacement and anterior angulation while the patient is rising from a seated position. The final screw should be placed anteriorly on the lateral view and central on the anteroposterior view. A fully superior position is avoided due to the concern over damage to the lateral epiphyseal artery branches entering the superior neck.[@ref5][@ref7][@ref9][@ref10] Cannulated drill bit and cannulated tap used thereafter and 6.5 mm cancellous screw were inserted, again the position verified and also the exact length of screws were determined. The exact size "BIHS" corresponding to the cannulated screws was selected and filled fully with autogenous cancellous bone \[[Figure 4](#F4){ref-type="fig"}\]. The guide wires were removed as there was already a well prepared tract. The BIHS screw was tightened after incorporating the washer and tightening with 4.5 mm cap screws as in a DHS. The whole construct checked entirely again by AP, Lateral and oblique projections as per need.

![Peroperative fluoroscopy view of fracture neck femur showing guide wires and one screw *in situ*](IJOrtho-49-187-g004){#F3}

![Clinical photograph of bone impregnated (graft) hip screw](IJOrtho-49-187-g005){#F4}

Postoperatively, the patient was given modified external rotation stop using a "wooden scale" fixed to a canvas shoe which the patient was advised to wear for 1-month. Static quadriceps and hamstring exercise started early and as soon as sutures were removed. Gentle knee flexion exercises were started after the tenth postoperative day. Active assisted range of motions of the hip started at 3 weeks. Partial weight bearing started at 12 weeks after visualizing early signs of union. Of the 15 patients, only one patient had nonunion which required hemiarthroplasty. The distal limb of the Moore\'s approach incision was extended to the previous operation scar and the screws removed without encountering difficulty. Encouraged by these results, phase 2 trial was initiated.

Phase 2 comparative clinical study {#sec2-5}
----------------------------------

The phase 2 clinical comparative study between cancellous screw group and BIHS group was done between 2002 and 2011. Out of 78 patients, 44 patients were treated with BIHS and the rest with cancellous screws. Early union was noticed in the BIHS patients \[[Figure 5](#F5){ref-type="fig"}\] \[[Table 2](#T2){ref-type="table"}\].

![X-ray left hip joint of a patient treated with BIHS anteroposterior views showing (a) Preoperative X-rays. (b) immediate postoperative X-ray with bone impregnated hip screw *in situ* (c) Followup at 3 months, good union seen](IJOrtho-49-187-g006){#F5}

###### 

Comparison of groups (*t* test) based on rate of union

![](IJOrtho-49-187-g007)

The BIHS and cancellous groups differ significantly in the union rate (*P* \< 0.05). BIHS group reported significantly early union (mean = 12.77 weeks, standard deviation \[SD\] = 2.42 weeks) as compared to cancellous group (mean = 16 weeks, SD = 4.385 weeks).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The results were assessed with radiological analysis and Harris hip score. Functional outcome was assessed using Harris hip score on qualitative parameters of pain (in the distance walked), limp, activities, stair climbing, public transportation, sitting, and quantitative assay of hip movements. According to Harris hip score, questionnaire was given to the patients initially for qualitative analysis. Quantitative analysis of limb length discrepancy and range of movements assessed. The final outcome was graded as poor, fair, good and excellent.

Out of 44 patients with BIHS, 41 patients had an excellent outcome, 2 nonunions and one implant breakage. Radiologically, good union was noted in 41 patients. One patient had poor Harris hip score[@ref9] (\<70) with 0° flexion and external rotation of 5°--10°. 2 cases had a fair score of with flexion of 25°, external rotation of 10°, abduction and adduction of 10°. 39 cases had an excellent score with a good range of all movements \[[Table 3](#T3){ref-type="table"}\].

###### 

Functional outcome

![](IJOrtho-49-187-g008)

All 41 patients were able to squat, sit on the floor and do all the works. Radiographically, good union was noted in 26 cases within 16 weeks. 10 cases had union within 12 weeks, 4 had union within 10 weeks and 2 had union after 16 weeks. 2 nonunion cases were noted \[[Table 4](#T4){ref-type="table"}\]. Comparing the results with cases treated with AO cancellous screw showed nonunion for 5 cases in cancellous screw group and 2 nonunions in BIHS group. Rate of union was more in the BIHS group with lesser time. Implant breakage was noted in one patient. The patient started weight bearing early and started to climb "coconut tree" and the screw was broken \[[Figure 6](#F6){ref-type="fig"}\].

###### 

Comparison of groups (*t* test) based on Harris hip score rate in phase 2

![](IJOrtho-49-187-g009)

![X-ray left hip joint anteroposterior view treated with BIHS showing implant breakage in the phase 2 series](IJOrtho-49-187-g010){#F6}

The BIHS and cancellous group differ significantly in the union rate (*P* \< 0.05). BIHS group reported significantly early union (mean = 12.77 weeks, SD = 2.42 weeks) as compared to cancellous group (mean = 16 weeks, SD = 4.385 weeks). The variables flexion, external rotation, abduction and adduction do not differ significantly between BIHS and cancellous groups (*P* \> 0.05) \[[Table 5](#T5){ref-type="table"}\].

###### 

Grading of harris hip scores based on flexion in BIHS and cancellous groups

![](IJOrtho-49-187-g011)

In the BIHS groups, majority (90.3%) belonged to excellent flexion level, but in cancellous groups only 55.20% showed excellent flexion level.

Comparing the results with cases treated with AO cancellous screw, 5 cases of nonunion were reported in cancellous screw group and 2 were noted in BIHS group. Rate of union was more in the BIHS group with lesser time. Statistical analysis clearly showed rate of union was more in the BIHS group.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Cannulated cancellous screws remained the gold standard for fixation of femoral neck fracture over the years. The best results are obtained with perfect anatomical reduction,[@ref11] possibly due to the fact that during anatomical reduction, the blood vessels[@ref12] which were kinked will regain their entire lumen. A sound knowledge of anatomy and biomechanical principles are essential for understanding the present concept in fixation of the fracture.[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18] The incidence of fracture neck of femur in between 50 and 70 years the productive group has increased in Indian population and rest of the world. This population demand treatment with excellent functional outcome, so that they can do manual work, able to squat and climb stairs.[@ref19] The fracture neck of femur classified[@ref20] by Garden into four grades based on the fracture displacement[@ref18][@ref19] and Gardens alignment index is to be maintained after reduction with alignment index of \<150° and 180° in both views. Hemiarthroplasy and total arthroplasty[@ref21] can provide good functional outcome, with the risk of an unstable hip. BIHS provide a stable near anatomical hip with the freedom to be young and do all the manual work.

The various methods in treating femoral neck fracture includes internal fixation after reduction and use of muscle pedicle graft or fibular graft. Muscle pedicle graft harvested through the incision in the posterior capsule. The quadratus femoris[@ref22] is lifted out from the intertrochantric line along bone graft and inserted in to the femoral head. The graft is placed in the position in a tunnel created up under the articular surface of the femoral head. Graft to be fixed with 3.5 cancellous screw from posterior to anterior to compress and support the posterior cortex. Muscle pedicle graft does not provide stability at the fracture site. Various osteotomies[@ref23][@ref24][@ref25][@ref26] are tried for femoral neck fracture and nonunions, but this alters the anatomy and challenges a subsequent prosthesis replacement.

It is a settled matter that if any of the screws are replaced by a fibular struct graft, the function attributed to that particular screw will be lost. The BIHS retains the fixation principle and also increases the osteogenic potential as the screw itself has cancellous bone. Further cancellous bone is the richest source of stem cells. Lot of research is taking place worldwide regarding efficacy of BMP. BIHS can hence also act as a vehicle of delivery of all bone forming tissue at the site of lesion. Hence, it can find a place in osteoporotic bone and also in impending fracture. The screw provides three-point fixation stability and osteogenic potential with cancellous graft filled in the cannulated part.

The BIHS were of 2 mm in diameter holes and placed in a staggered way. The cannulated part filled with cancellous graft. This structure of the screw resulted in a higher yield strength. The patient treated with BIHS reported significant early union compared to cancellous group. When assessed with Harris hip score, there was no much difference in flexion, external rotation, abduction, adduction in both the BIHS group and cancellous group. The rate of union was more in the BIHS group with lesser time. The BIHS group had Harris hip score of excellent score in majority 90% with good flexion movement range.

The comparative study showed an excellent result in the group treated with BIHS. This procedure requires no special equipment other than the instruments used for standard internal fixation. It is cost effective in Indian population. Patients can undergo hemiarthroplasty or total arthroplasty with ease if this treatment modality fails. The limitations of the study are the small sample size and the wide variation in the ages of the patients.

Bone impregnated hip screw had shown to provide early solid union. It incorporates the biomechanical principle, increase the osteogenic potential and hence, found superior to conventional cannulated cancellous screw. Further, it will find a place as a vehicle of delivery for all the bone forming tissue. This implant is an innovation for the people who are "old," but do not accept to be old and are forced to work to earn for livelihood, or by their lifestyle, the desired term "young old."
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